The cross-section of the mainstem bronchi is not completely round. For preoperative selection of a double-lumen endobronchial tube size, it may be necessary to measure the mediolateral and the anteroposterior bronchial diameters, which can be measured respectively on chest radiograph and computed tomography. With Internal Review Board approval and patients' informed consent, 105 elective thoracic surgical patients who needed left-sided double-lumen tubes were enrolled. Double-lumen tube size was selected depending on the arithmetic mean of the mediolateral and anteroposterior bronchial diameters. Moreover, the outer diameters of the bronchial tube should be smaller than both mediolateral and anteroposterior diameters. The recommended bronchial diameter for each double-lumen tube size was chosen so that the mean of the two bronchial diameters was 0 to 2.0 mm larger than the upper limit of 95% confidence interval of the averaged outer diameter of the bronchial tube of the selected double-lumen tube. In no case was the predicted double-lumen tube size inappropriate. Generally, anteroposterior bronchial diameters appeared to be different from mediolateral diameters (P=0.001). The double-lumen tube size to be selected based on only one bronchial diameter was different from the one selected based on two perpendicularly measured bronchial diameters in 54. 3% of patients (57/105). Preoperative selection of the double-lumen tube size based on the anteroposterior, mediolateral and mean bronchial diameters seems to be useful in that this may obviate the need to change an inappropriately sized double-lumen tube and may be helpful in reducing the related complications.
Selection of an inappropriately small doublelumen endobronchial tube (DLT) can cause failure of lung isolation or damage of the bronchus 1 . Selection of too large a DLT can result in the rupture of the trachea and bronchus 2 . However, the practice of choosing a DLT size has been often based on personal experience, teaching or reference to unproven guidelines 3 . Therefore, direct measurement of the mainstem bronchial diameter from the plain chest radiograph (CXR) 4 or computed tomography (CT) 5, 6 has been performed to seek objective criteria.
However, even direct measurement of the bronchial diameter on the CT image 5, 6 has frequently resulted in the selection of oversized DLTs.
The trachea and extrapulmonary bronchi consist of a framework of incomplete rings of hyaline cartilage, united by fibrous tissue and nonstriated muscle. The cross-section of the mainstem bronchi is not completely round. Thus it may be necessary to measure the mediolateral (ML) and anteroposterior (AP) bronchial diameters, both of which can be measured respectively on the CXR and CT.
We hypothesized that the selection based on the two perpendicular bronchial diameters could be more successful than that based on only one bronchial diameter by ensuring that the outer diameter (OD) of the selected DLT was smaller than both bronchial diameters. The purpose of this study was to compare this new technique with the technique using only one bronchial diameter.
METHODS
With hospital review board approval and patients' informed consent, 105 elective thoracic surgical patients, whose ages ranged from 20 to 81 years, were enrolled for this study ( Table 1 ). The inclusion criteria were patients who had both a preoperative chest CT scan and a plain posteroanterior (PA) and lateral CXR. Those patients who had an absolute indication for a right-sided DLT, who presented with an intraluminal lesion on the left main bronchus, or a very distorted anatomy of the tracheobronchial tree on CXR, or in whom intubation seemed to be difficult under direct vision were excluded. Forty-one of the patients underwent lobectomy; eight, pneumonectomy; 38, video-assisted thoracoscopic surgery; 11, esophageal surgery including Ivor-Lewis operation; and seven, mediastinal mass excision.
Seven or eight millimetre thick spiral CT sections were obtained with a Somatom Plus 4 (Siemens, Erlangen, Germany) or a GE Hi-speed Advantage (GE Medical Systems, Milwaukee, U.S.A.). Measurements of the AP bronchial diameter on the CT scan were made at the plane one slice below the slice that showed the carina and where the left main bronchus could be seen as a singular structure 6 . Because the bronchus courses in an oblique manner through the plane of the slice, the image of the bronchus on the CT scan appears artificially elongated. Therefore, the internal AP diameter of the left main bronchus was measured perpendicular to the portion of the bronchus that was most parallel from the anterior to the posterior wall on the horizontal plane 6 . Soft-copy images were displayed at mediastianal windows (width 400 CT units, Hounsfield scale, centered at 25) on a 21-inch CRT monitor of the digital PACS (Picture Archiving Communication System) with a one-on-one format.
As the outline of the left main bronchus was found to be clearly identifiable in only 50 to 70% of CXRs 4,7 , the scout film of the CT images was used to measure the ML bronchial diameter of the left main bronchus. The ML bronchial diameter was measured at a point 1 to 2 cm downward from the carina on the coronal plane, and the same investigators performed the measurements with electronic calipers on the 12times enlarged images. A point of clear and parallel internal luminal lines was selected. Because intrathoracic structures appear magnified on PA views, the following formula was used to calculate the ML bronchial diameter for each patient 4 : actual diameter =projected diameter on the plain film×[distance between X-ray tube and object/distance between X-ray tube and film]. Distance between X-ray tube and object equals the distance between X-ray tube and film (72×25.40 mm=1828.8 mm) minus the distance between the main bronchus and the anterior chest wall, which was measured on the lateral CXR.
To improve accuracy and reliability, three measurements of both bronchial diameters were performed with electronic calipers to the nearest 0.1 mm. The arithmetic mean was calculated by using the measurements within 5% variances and used for the study. The distances were measured by two investigators, and when compared, proved to be within 5% interobserver variances. After completely collapsing the bronchial cuff, the OD of the bronchial tube of disposable DLTs (Broncho-Cath™, Mallinckrodt Medical Ltd., Athlone, Ireland) (n=5 each) was measured with a precision caliper (0.1 mm intervals) at the mid-cuff level. Because of the cuff wrinkle, the diameters may be varied, so the AP and ML diameters were measured respectively and the arithmetic mean was calculated.
Size 32, 35, 37, 39 or 41 Fr DLTs were preoperatively selected depending on the study protocol. Each DLT size was chosen so that the mean of the two bronchial diameters was 0 to 2.0 mm larger than the upper limit of 95% confidence interval of the averaged OD of the bronchial tube of the selected DLT ( Table 2 ). The upper limit of the recommended bronchial diameter for each DLT size was set as the lower limit of the next-larger DLT minus 0.1 mm ( Table 2 ). Both the AP and ML bronchial diameters should be respectively larger than the mean OD of the bronchial tube of the selected DLT, and the mean bronchial diameters should be within the range of the recommended bronchial diameter for each DLT size. The balloons were tested, completely aspirated for the pilot balloons to be totally collapsed, and prepared for use. The concept of "agreement" and "disagreement" was used to make comparisons with the other methods 4-6 of determining DLT size with only one bronchial diameter. "Agreement" means a case when, based on the AP and ML diameters respectively, the DLT size to be selected was the same. Namely, the two diagonal diameters were similar, which means that the bronchus was relatively round. "Disagreement" means when the DLT size to be selected by each diameter was different. Namely, when too small and/or too large bronchial diameter of the two was a limiting factor in the selection of DLT size.
After induction of anaesthesia with thiopentone 5 mg/kg, midazolam 0.1 mg/kg, fentanyl 2 µg/kg, and vecuronium 0.15 mg/kg IV, patients were ventilated with oxygen 4 l/min and isoflurane 2-3% inspired concentration via a face mask for 5 minutes. Their tracheas were then intubated with left-sided DLTs, using a conventional method 8 . Patients' heads were returned to the neutral position. Using fiberoptic bronchoscopes (Olympus LF-P or LF-2, Olympus Optical Co., Tokyo, Japan), the position of the DLT was confirmed by an experienced anaesthetist following Slinger's criteria 9 .
Testing for air leak was performed before and during bronchial cuff inflation by pressurizing the bronchial side of the DLT to a peak airway pressure of 30 cmH 2 O while connecting the tracheal side to a 1 cm underwater seal 5 . The DLT size was considered appropriate for the individual patient if the following two criteria were met 8,10 : 1) some air leak was detected when the bronchial cuff deflated, indicating that the tube was not tightly wedged in the left bronchus; and 2) airtight seal of the bronchus was obtained with less than the resting volume, which is defined as the smallest cuff volume beyond which a 0.5 ml increase results in more than 10 mmHg increase in cuff pressure 1 , because this cuff may lose its low-pressure characteristics if inflated to a volume greater than the resting volume 1 , and the intracuff pressure was less than 44 cmH 2 O, at which pressure the mucosal capillary perfusion is reported to decrease 11 , regardless of whichever comes first.
AP and ML bronchial diameters were compared with paired Student's t-test. Significance was set at the 5% level.
RESULTS
Generally, AP bronchial diameters appeared to be different from ML diameters (P=0.001), and both AP and ML bronchial diameters of the patients indicated for 35 and 39 Fr DLTs were different (P=0.005 and P=0.012 respectively) ( Table 3 ). Only in 45.7% (48 out of 105 patients) were all the criteria satisfied in "agreements" ( Table 4 ). The incidence of when too small and/or too large bronchial diameter was an exclusion factor in the selection of the DLT size was 54.3% (57 out of 105 patients) ( Table 4 ). In 43 out of the 57 "disagreed" cases, too small ML diameter and/or too large AP diameter appeared to be the causes of "disagreement" (Table 4 ). In no case was the predicted DLT size by the new method using the two perpendicular bronchial diameters inappropriate. All the intra-and postoperative courses were uneventful.
DISCUSSION
In more than half of the cases, there were "disagreements" about the DLT size to be selected, which means that discrepancy between the AP and ML bronchial diameters was a limiting factor in the selec- tion of the DLT size. Although direct measurement of the AP bronchial diameter on the CT image have frequently resulted in the selection of oversized DLTs in the previous studies 5, 6 , there was no case in this study where the selection based on the two perpendicular bronchial diameters was inappropriate. The cuff volume to obtain an airtight seal should be maintained at less than the resting volume. For the cuff to seal the gap with a similar inflation volume, the allowance should be smaller as the bronchus or the bronchial tube is larger. In addition, the resting volume of 35 Fr Broncho-Cath™ DLT has been reported to be larger than larger DLTs 1 , so that larger allowances may be permitted for smaller DLTs, especially for the 35 Fr DLT, because the cuff of the 35 Fr DLT may not lose its low-pressure characteristics even if inflated to a volume a little greater than 2 ml. However, because of the rare availability of 41 Fr DLT in our country, the allowance of 41 Fr DLT was chosen to be 2.0 mm. Owing to the relatively large difference in external diameter between 32 and 35 Fr, and the small difference in OD between 35 Fr DLT and larger ones, the allowance of 35 Fr DLT was chosen to be the minimum. For 32 Fr DLT, an ultrathin fiberoptic bronchoscope should be used, and difficulty in removing secretions and increased airway resistance are inevitable. These were the reasons why the indications for 32 Fr DLT were reduced.
Ideally endobronchial tubes should be clearly labelled with their maximum tracheal and bronchial diameters so that we can choose the correct tube 3 . The reported external diameters, which were provided by the manufacturer or were measured directly, are not consistent [4] [5] [6] 12, 13 . It may be that the specifications quoted 4, 12 were prior to the modifications 14 or that the DLTs vary. As all the bronchial tubes of the same sized DLTs do not have exactly the same OD 6,13 , we used the upper limit of 95% CI of the mean OD as a reference.
The outline of the left mainstem bronchus was found to be clearly identifiable in only 50 to 70% of CXRs 4, 7 . Currently, many radiology departments are converting to digital chest radiography 5 , which may be helpful to identify the inner diameter of the bronchus by changing the density on the PACS monitor. The bronchial outlines were always identifiable on the scout film, which is always provided with the routine chest CT scans performed as part of the preoperative evaluation for thoracic surgery. The scout film may have an inconsistent correction factor that is different from the conventional CXR, which is impossible to determine. The ML diameter on the scout film was adjusted with the correction factor of the plain CXR, unavoidably resulting in some overestimation. In this "Agreement" means a case when, based on the AP and ML diameter respectively, the DLT size to be selected was the same. Namely, the two diagonal diameters were similar, which means that the bronchus was relatively round. "Disagreement" means when the DLT size to be selected was different. Namely, when too small and/or too large bronchial diameter of the two was a limiting factor in the selection of the DLT size. Abbreviations-AP: anteroposterior; ML: mediolateral; DLT: left-sided double-lumen endobronchial tube. study, however, too small a ML diameter and/or too large an AP diameter were the main causes of "disagreement". Therefore we speculate that there must exist a difference between the ML and AP bronchial diameters. The density of a chest CT scan can be varied to optimize visualization of either the lungs or the mediastinal structures 5 . As the ideal density to delineate the bronchial lumen did not seem to be standardized, either the lung films 5 or the soft tissue windows 6 may be used to measure the bronchial diameter. Some inaccuracy is unavoidable because of variation in the bronchial diameter between inspiration and expiration 5 . However, intrathoracic tracheal diameters change little between -20 and +20 cmH 2 O of airway pressure 15 and both CXR and chest CT were routinely performed during inspiration phase, so that the comparison of the bronchial diameters does not produce any problem. Because the measurements were made at 1 to 2 cm from the carina, it may not have been performed exactly at the same area. Though we measured the internal diameter of the left main bronchus perpendicular to the parallel portion of the bronchus, the slice thickness of 7 to 8 mm with a pitch of 1 or 1.2 of CT scan may add to the inaccuracy of the bronchial outline.
If an adequately sized DLT can be chosen preoperatively, the blind methods to position a DLT by measuring 16 or sensing the cuff pressure 17 , or by pulling back 1 cm after gentle resistance at the carina 14 would be more successful. This would be because we could get the more uniform change in cuff pressure while removing the partially inflated bronchial cuff after deep insertion to the resistance 16, 17 , or because the tracheal lumen tip might function better as a carinal hook 14 . If we could select an appropriately sized DLT at the first trial, the risks of re-intubation could be minimized and expensive DLTs would not be wasted, though slightly undersized or oversized DLTs may be satisfactory for most one-lung ventilation cases. Thus we believe that these new guidelines, using the preoperative measurements of the AP and ML bronchial diameters, would be helpful as an objective and systematic approach for the selection of the ideal DLT size.
